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Why Guayule? 
  Produces	  rubber	  with	  no	  evidence	  	  
of	  human	  allergy;	  
	  
  Source	  of	  mul9ple	  products;	  
(Resin,	  bagasse,	  oil,	  vegetable	  wax…);	  
	  
  Rapid	  growth	  producing;	  
	  
  Abundant	  biomass;	  










Why Guayule in the Mediterranean? 
Guayule	  :	  na9ve	  to	  the	  Mexican	  desert	  
  Does	  not	  require	  much	  water	  (250-­‐600	  mm/year),	  
  Adapted	  to	  semi-­‐arid	  regions:	  most	  of	  Mediterranean	  areas.	  
	  
	  
Previous	  results	  showed	  that	  guayule	  is	  adapted	  to	  the	  ecology	  of	  the	  
Mediterranean;	  
	  
	  Produc9on	  can	  be	  close	  to	  European	  industry;	  
	  
Need	  for	  development	  projects	  and	  sustainable	  farming	  in	  the	  
Mediterranean	  area	  (Climate	  Change).	  
	   	  	  
Problem statements 
  How	  far	  current	  research	  on	  agronomy	  and	  technology	  
development	  of	  guayule	  can	  lead	  to	  a	  natural	  	  
rubber	  commodity	  chain	  in	  the	  Mediterranean?	  
	  
  How	  far	  guayule	  cul9va9on	  can	  respond	  to	  	  
local	  development	  in	  Mediterranean	  countries?	  	  
Guayule commodity chain 








Guayule	  Seeds	   Biomass	  ready	  to	  be	  
harvested	  
Harves9ng	  	   Rubber	  
Methodology 
" Technico-­‐economic	  feasibility	  of	  a	  guayule	  commodity	  
chain	  in	  southern	  Europe	  (micro-­‐economic	  study).	  
	  
 Step	  1:	  Study	  budget	  accounts	  of	  both	  agents	  of	  the	  commodity	  
chain	  
 	  Farmer	  (Agronomy)	  
•  Cultural	  prac@ces	  and	  crop	  management	  to	  grow	  the	  bushes;	  
•  Costs	  of	  inputs,	  labour.	  
 	  Manufacturer	  (Technology)	  
•  Processing	  phases	  to	  extract	  the	  products	  out	  of	  the	  biomass;	  
•  Costs	  of	  the	  plant:	  machinery,	  inputs,	  labour.	  
	  
 Step	  2	  :	  Adaptability	  of	  guayule	  chain	  in	  other	  southern	  
Mediterranean	  countries	  (South	  Europe,	  North	  Africa,	  Middle	  East).	  
Agronomy: farming practices 
Inputs:	  
•  Cultural	  prac@ces	  and	  crop	  management	  used	  to	  compute	  the	  
farmer’s	  revenue	  (inputs	  +	  labour)	  were	  based	  on	  trials	  in	  Murcia	  
and	  Montpellier.	  They	  include:	  
1.  Nursery	  for	  produc9on	  of	  plantlets,	  
2.  Land	  prepara9on	  (ploughing,	  plas9c	  mulching	  …)	  and	  plan9ng,	  
3.  Land	  rental,	  
4.  Drip	  irriga9on,	  Fer9liza9on,	  Pes9cides	  (not	  used,	  for	  record	  only),	  	  
5.  Labour	  for	  annual	  maintenance.	  
	  
•  Costs	  of	  inputs	  used	  to	  calculate	  each	  produc9on	  ac9vity	  were	  
based	  on	  actual	  agricultural	  prices	  in	  Spain	  and	  France.	  
Year 1 
Year 1 
Year 1 to 10 
Year 1 to 10 
Year 1 to 10 
Guayule	  plan9ngs	  in	  Montpellier	  
Photo	  sources	  :le-:	  S.	  Palu;	  right:	  N.	  Sfeir	  
Guayule	  plan9ngs	  in	  Spain	  
	  Outputs	  :	  The	  biomass	  is	  the	  only	  output	  at	  farmer’s	  side	  
Agronomy: farming practices 
Agronomy: Methodology 
Uncertainty	  on	  some	  data:	  
•  Rubber	  yields,	  	  
•  Plant	  behaviour	  to	  irriga9on,	  fer9liza9on,	  
•  Harvest	  periodicity:	  annual	  or	  biennial.	  
	  
Several	  hypothesis	  and	  
simula@ons	  were	  tested	  
	   	  using	  a	  farm	  simula5on	  
	   	  	  	  	  	  	  so6ware	  	  (Olympe™)	  
Note:	  Olympe	  is	  used	  @	  IAM,	  Cirad	  and	  	  Lei.wur.nl	  
Agronomy: Results 
Example	  of	  results	  for	  two	  simula@ons	  
Harvest	  periodicity	  
Irriga9on	   Fer9lisa9on	   	  Annual	   Biennial	  
100%	  	  
(1600	  m3	  /ha/year)	  
100%	  	  
(240	  kg	  NPK	  /ha/year)	   €	  147	   €	  194	  
100%	   50%	   €	  142	   €	  188	  
Total	  costs	  (ﬁxed	  and	  variable)	  
Biomass	  (tons	  of	  stem	  dry	  biomass	  /	  ha	  /	  year):	  	  	  	  	  	  	  	  12	  T	   	  	  	  	  	  9	  T	  
	  	  	  	   	   	  (at	  €	  300	  /	  ton) 	  	  
Price	  /ton	  /year	  





Harves@ng	  of	  fresh	  biomass	  
Technology: Methodology 
Harves@ng	  tasks	  were	  given	  to	  the	  manufacturer	  because	  he	  needs	  to	  
control	  the	  harves9ng	  9me	  to	  process	  only	  fresh	  material.	  
Photos	  sources:	  clier	  2004-­‐2005,	  leZ.	  Yulex	  harves@ng,	  right.	  
Processing: Methodology 
Extrac@on	  and	  processing	  are	  not	  like	  Hevea	  
	  
	  	  Guayule	  rubber	  is	  stuck	  inside	  
	  	  	  	  	  	  the	  cells	  of	  the	  bark	  
Photos	  sources:	  le-,	  revue,	  Pour	  la	  Science,	  2010	  ;	  right,	  l'agora,	  2006	  
Hevea	  rubber	  is	  harvested	  	  
by	  tapping	  the	  tree.	  





Processing step 1: Latex extraction 
Fresh	  guayule	  
biomass	  
Homogenate	   Raw	  Bagasse	  	  
(with	  lef	  rubber	  and	  resin)	  
Latex	  Waste	  liquor	  
Chipping	  /milling	  
	  
Ideal	  for	  medical	  and	  pharmaceu9cal	  products	  














	  	  	  	   	  	  	  	  	  	  	  	  Coa9ng	  /	  Paint 	   	  Same	  as	  for	  Hevea 	   	  Composite	  board,	  
	  	  	  	  	  	  	  	  Adhesive	  	   	   	   	   	   	  Soil	  amendment,	  
	  	  	  	  	  	  	  	  Pharmaceu9cal	   	   	   	  	  	  	  	  	   	  Construc9on	  materials.	  
Processing step 2: Solvent extraction 
Raw	  bagasse	  
(with	  lef	  rubber	  and	  resin)	  






Ideal	  for	  9re	  produc9on	  
Technology: Inputs 
  Factory	  size	  and	  processing	  were	  computed	  for	  a	  plant	  capacity	  of	  
17	  tons	  of	  guayule	  stem	  dry	  biomass	  per	  day,	  during	  4	  months/yr.	  
  Processing	  technology	  is	  based	  on	  data	  acquired	  from	  the	  
Laboratory	  experience	  in	  Montpellier.	  
  Costs	  include:	  
1.  Buildings,	  	  
2.  Fixed	  costs,	  Equipment,	  machinery,	  
3.  Waste	  water	  cleaner,	  	  
4.  Variable	  costs	  (harvest,	  transport,	  …),	  	  
5.  Labour,	  transporta9on,	  …	  
	  
 Uncertainty	  on	  data:	  	  
	  Data	  were	  inspired	  from	  laboratory	  scale	  informa9on.	  
Year 1 
Year 1 
Year 1 to 10 
Year 1 to 10 
Year 1 to 10 
Technology: Results 
Costs	  of	  inputs	  and	  outputs	  
	  
Extrac@on	  and	  processing:	   	   	   	   	  Price	  /	  ton	  dry	  biomass	  
Dry	  biomass	  purchased	  (price	  /	  ton) 	   	   	   	  	  €	  300	  
	  
Processing:	  	  	  Latex	  	  extrac9on	  	  	  	  (step	  1) 	  	   	  	  €	  171	  
	  	  	  	  	   	  Solvent	  extrac9on	  (step	  2) 	   	  	  €	  	  	  79	  	  	  	   	  €	  250	  
	   	   	   	   	   	  	  €	  550	  
Outputs: 	   	   	   	   	  Price	  /	  ton	  dry	  biomass	  
Rubber	  	  	  	  	  	  	  	  9	  %	  of	  stem	  dry	  biomass	  
	   	  25	  %	  as	  Latex	  	  	  	  	  	  	  (€	  6.00	  /	  kg)	   	   	  	  €	  135	  
	  65	  %	  by	  solvents	  (€	  3.60	  /	  kg) 	   	  	  €	  211	  
Resin:	  	  	  	  	  	  	  	  	  9	  %	  of	  stem	  dry	  biomass	  	  (€	  3.0	  	  /kg	  ) 	   	   	  	  €	  270	  
Bagasse:	  	  	  75	  %	  of	  stem	  dry	  biomass	  (€	  0.1	  	  /kg	  ) 	   	   	  	  €	  	  	  75	  
	  
Total	  output: 	   	   	   	   	   	  	  €	  691	  
 Agronomy	  
	  
Previous	   results	   showed	   that	   it	   is	   possible	   to	   grow	   guayule	   in	   Southern	  
Europe.	   For	   a	   farm	   growing	   1	   ha	   during	   10	   years,	   we	   used	   the	   following	  
ﬁgures:	  
•  Stem	  dry	  biomass	  yields:	  10	  tons	  /ha	  /year	  (average	  for	  10-­‐year	  culture)	  
•  Rubber	  content:	  	  9	  %	  of	  dry	  rubber	  (i.e.:	  900	  kg	  /	  ha	  /	  year)	  
•  Plan@ng	  density:	  50,000	  plants	  /ha	  
	  
	  
Produc@on	  costs	  are	  es9mated	  at:	  €	  150	  to	  200	  /ton	  of	  stem	  dry	  biomass	  
(€	  1,500	  to	  €	  2,000	  /ha	  /year).	  
	  




Op@on	  1:	  only	  Latex	  (centrifuga9on)	  
•  With	  current	  technology,	  it	  is	  possible	  to	  extract	  25	  %	  of	  the	  total	  rubber	  as	  latex.	  	  
  The	  valorisa9on	  of	  sole	  guayule	   latex	  would	  be	  possible	  only	  through	  a	  niche	  
market	  with	  very	  high	  added	  value.	  
	  
Op@on	  2:	  only	  crude	  rubber	  +	  resin	  (solvent	  extrac9on)	  
•  With	  current	  technology,	  it	  is	  possible	  to	  extract	  90	  %	  of	  rubber	  +	  95	  %	  of	  the	  resin.	  	  
   (Prices recorded in 2011).  
	  
Op@on	  3:	  Latex	  as	  step	  1,	  followed	  by	  crude rubber + resin	  as	  step	  2.	  
•  It	  is	  possible	  to	  extract	  25	  %	  of	  latex	  +	  65	  %	  of	  crude	  rubber	  +	  95	  %	  of	  resin.	  
Discussion 
Op@on	   Latex	   Crude	  rubber	   Resin	  
1.	  Latex	  only	   25	  
2.	  Solvent	  only	   4	   3	  
3.	  Latex,	  then	  solvent	   5	   3	   3	  
Threshold	  selling	  price	  (€	  /kg)	  to	  reach	  proﬁtability	  	  
Discussion 
  Based	  on	  our	  results,	  we	  can	  consider	  that,	  even	  though	  the	  technology	  is	  
not	   yet	   op@mum,	   we	   were	   able	   to	   obtain	   posi@ve	   ﬁnancial	   account	   for	  
both	  the	  farmer	  and	  the	  manufacturer.	  	  
	  
  The	   accounts	   of	   the	   processing	   plant	  were	   based	   on	   extrapola9on	   of	   data	  
from	  a	  pilot	  plant.	  	  
	  Improvement	  is	  possible,	  and	  research	  should	  go	  forward	  to	  increase	  the	  
capacity	  to	  extract	  more	  rubber	  and	  promote	  the	  by-­‐products.	  	  
The case of countries south of the Mediterranean sea 
Lands	  	  
•  Land	  rental	  value	  is	  half	  the	  price	  of	  European	  (in	  semiarid	  region).	  
Labour	  
•  Labour	  costs	  are	  lower	  by	  20	  %	  as	  compared	  to	  European	  costs.	  
	  	  Mechanical	  ac5vi5es	  can	  be	  replaced	  by	  manual.	  
Water	  availability	  	  
•  In	  South	  Mediterranean	  countries,	  water	  is	  a	  limited	  factor,	  but	  there	  is	  suﬃcient	  
groundwater	  which	  can	  be	  used	  for	  irriga9on.	  
	  
  Low	  input	  costs	  in	  the	  south	  can	  increase	  farmers’	  revenue.	  However,	  land	  
availability	  is	  s9ll	  to	  be	  ques9oned	  and	  studied.	  
  Guayule,	  being	  a	  semi-­‐deser9c	  shrub,	  could	  be	  an	  opportunity	  for	  those	  
countries.	  And	  more,	  it	  can	  be	  combined	  with	  other	  crops	  requiring	  linle	  water	  
	  	  a	  way	  to	  preserve	  water.	  
Discussion 
Conclusion 
  Based	  on	  current	  knowledge,	  if	  rubber	  is	  used	  as	  the	  sole	  source	  of	  income,	  
guayule	  will	  not	  be	  proﬁtable	  in	  the	  Mediterranean.	  To	  make	  the	  culture	  
proﬁtable,	  the	  resin	  must	  be	  added,	  and	  op9onally	  the	  bagasse.	  	  
	  
  Southern	  Mediterranean	  region	  can	  be	  a	  ﬁeld	  to	  enlarge	  the	  development	  of	  
guayule,	  which	  can	  be	  a	  new	  agricultural	  sector	  in	  the	  area.	  	  
  For	  example,	  in	  Morocco,	  more	  than	  50	  %	  of	  the	  none-­‐desert	  land	  (Sahara)	  
are	  unused	  semi-­‐arid	  lands.	  
	  
  More	  eﬀorts	  should	  s9ll	  be	  given	  to	  the	  development	  of	  this	  plant	  to:	  	  
  Guarantee	  high	  yields:	  gene9c	  material,	  irriga9on	  and	  fer9liza9on.	  
  Increase	  the	  capacity	  to	  extract	  more	  rubber	  and	  promote	  the	  by-­‐products.	  
Thank You 
